A hepatic schwannoma is extremely rare and difficult to diagnose preoperatively.
Introduction
Schwannoma is a benign nerve sheath tumor originating from Schwann cells. These tumors can emerge at any part of the peripheral nerves. Common sites include the head and neck region, the flexor surfaces of the upper and lower extremities, and the trunk [1] . Vestibular schwannomas account for about 8% of primary Abbreviations: MRI, magnetic resonance imaging; CT, computed tomography; US, ultrasonography; IVC, inferior vena cava; RHV, right hepatic vein; EOB-MRI, gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid-enhanced magnetic resonance imaging; MPNST, malignant peripheral nerve sheath tumor; NF-1, neurofibromatosis type 1.
* Corresponding author at: Hepato-Biliary-Pancreatic Surgery Division and Artificial Organ and Transplantation Division, Department of Surgery, Graduate School of Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan. E-mail address: kihase-tky@umin.ac.jp (K. Hasegawa).
brain tumors. These lesions are sometimes incidentally diagnosed because of the widespread use of magnetic resonance image (MRI) and computed tomography (CT). Their radiological features are well known: an encapsulated tumor with a clear margin, which is heterogeneously enhanced, and a hypointense and hyperintense appearance on T1-weighted and T2-weighted MRI findings, respectively. However, the radiological features of primary hepatic schwannomas are unknown because of their extreme rarity. We treated a 47-year-old male patient with a hepatic schwannoma that could not be diagnosed preoperatively. Thus, we attempted to gain insight into the possibility of a precise preoperative diagnosis of primary hepatic schwannoma based mainly on radiological modalities by reviewing past case reports. 
Presentation of case
A 47-year-old male patient was referred to our hospital because of a hepatic tumor (50 mm) that had been discovered during an ultrasonography (US) examination as part of a regular medical check-up. The tumor had not been detected during a check-up performed 2 years earlier. The patient had no particular past history of illness or congenital disease. Laboratory data revealed that serological markers for hepatitis B virus and C virus were negative. A complete blood count and blood biochemistry tests showed normal values. No elevations in the serum carcinoembryonic antigen, carbohydrate antigen 19-9, alpha-fetoprotein, or des-␥-carboxy prothrombin levels were noted. The patient underwent a dynamic contrast-enhanced CT examination that revealed a well-circumscribed tumor with a size of 50 mm that exhibited internal heterogeneity and prolonged enhancement. The lesion was adjacent to the inferior vena cava (IVC) and the right hepatic vein (RHV) (Fig. 1A and B) . Gadolinium-ethoxybenzyldiethylenetriamine penta-acetic acid-enhanced MRI (EOB-MRI) scans revealed a well-circumscribed tumor that was hypointense on T1-weighted images and hyperintense on T2-weighted images ( Fig. 2A and B) . After the injection of EOB as a contrast agent, a defect during the hepatobiliary phase was observed ( Fig. 2C and  D) . A gastrointestinal fiberscopy and colon fiberscopy examination showed no evidence of a tumor. These findings differed from the typical findings for hepatocellular carcinoma and colorectal liver metastases. A biopsy was not performed because of the fear of dissemination. The lesion was thought to contain a heterogeneous liquid compartment and to have possibly undergone rapid growth over the previous two years. Thus, the lesion was considered to most likely be a mucus-producing tumor or a liquefactive degenerated adenocarcinoma. Even though no convincing data was obtained to indicate whether the tumor was benign or malignant, we decided to perform surgery since the tumor had not been detected two years earlier. Consequently, the patient underwent a limited liver resection combined with an IVC resection. The operation time was 330 min, and the estimated intraoperative blood loss was 610 g. A whitish tumor was found beneath the diaphragm, behind the RHV, and to the right of the IVC. Intraoperative US showed a multicystic tumor with numerous septa (Fig. 3A) . Even after the complete division of the liver parenchyma, the detachment of the tumor from the IVC was still difficult (Fig. 3B) . Since we suspected that the tumor might have originated from the IVC itself or from tissue surrounding the IVC, we removed the tumor in conjunction with a partial resection of the IVC.
Macroscopically, a clearly demarcated white-gray tumor with focal cystic changes was observed (Fig. 4A and B) . Histologically, the tumor consisted of spindle-shaped cells and included the presence of Antoni A and Antoni B areas. The Antoni A area was composed of spindle-shaped cells arranged in interlacing fascicles. The Antoni B area was composed of a myxoid component in which the tumor cellular density was relatively low (Fig. 5A) . The nuclear palisading formation of the tumor exhibited Verocay bodies and there were few nuclear atypias and mitotic counts (Fig. 5B) . Based on these findings, the tumor was diagnosed as a typical benign schwannoma The patient's postoperative course was uneventful. He was discharged from our hospital on the 10th postoperative day. The patient is presently well and has shown no signs of recurrence as of 6 months after the operation.
Discussion
Schwannoma is a benign mesenchymal tumor emerging from a nerve sheath. Its malignant counterpart, so-called malignant peripheral nerve sheath tumor (MPNST), tends to arise following irradiation [2] or in association with neurofibromatosis type 1 (NF-1) [3, 4] . Schwannomas are frequently detected in patients between the second and fifth decades of life and are found most commonly in the head and neck region, the flexor surfaces of the upper and lower extremities, or the trunk [1] . Although a schwannoma may arise from any organ that contains peripheral nerves, primary hepatic schwannomas are extremely rare. According to English medical literature, only 19 cases of hepatic schwannoma, including the presently reported case, have been documented (Table 1) [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . These 19 cases consisted of 9 men (47.1%) and 10 women (52.9%), with a median age of 56 years (range, 21-83 years). Two patients had a history of NF-1. In 9 patients (47.1%), MPNSTs were diagnosed based on pathological findings: nuclear atypia, cell density, and mitotic count. Although a few cases that have not been associated with either irradiation or NF-1 have been reported, 8 of the 10 patients who were diagnosed as having hepatic MPNST had no history of congenital disease or irradiation [5, 9, 10, 13, [16] [17] [18] [19] . [4] 1987 M/21 4 cm + MPNST Autopsy Hytiroglou P et al. [8] 1993 M/67 13 cm -Schwannoma Plain CT: well circumscribed Heffron TG et al. [7] 1993 F/38 5 cm -Schwannoma Plain CT: low density area Morikawa et al. [13] 1995 M/63 20 cm -MPNST Autopsy Sheikh MY et al. [16] 1996 F/35 --MPNST Enhanced CT: well defined, heterogeneously enhanced Fiel MI et al. [5] 1996 M/49 4.5 cm -MPNST Not mentioned in the article Wada et al. [19] 1998 F/69 15 cm -Schwannoma Plain CT: low density area Wada et al. [19] 1998 F/64 4 cm -Schwannoma Plain CT: low density area Flemming et al. [6] 1998 F/57 Huge -Schwannoma Plain CT: cystic lesion Momtahen AJ et al. [12] 2008 A precise preoperative diagnosis of primary hepatic schwannoma was not possible in any of the cases listed in Table 1 . The radiological features of the 15 resected cases are summarized in Table 1 . The most common CT findings were a low density during a plain phase and a well-demarcated lesion with heterogeneous enhancement. As for MRI, the most common findings were hypointensity on T1-weighted images and hyperintensity on T2-weighted images. These radiological findings are consistent with those of typical acoustic schwannomas or schwannomas originating in more common locations. Ota et al. [14] reported that contrast enhanced US was useful in diagnosing hepatic schwannoma and it showed minute arterial flow into the tumor along the nodal septum during the vascular phase and the delayed enhancement of solid areas during the postvascular phase. Although the radiological characteristics of the present tumor were similar to those of schwannoma when considered retrospectively, a precise diagnosis of primary hepatic schwannoma is still considered to be difficult because of the extreme rarity of this tumor and its radiological similarity to a mucus-producing tumor or adenocarcinoma. If a schwannoma is suspected, a radiological consultation is highly recommended.
Meanwhile, regarding the differentiation of hepatic schwannomas, there seems to be no difference in the radiological features of malignant and benign tumors. Thus, distinguishing these lesions based on preoperative CT and MRI findings without a biopsy would likely be difficult.
If the tumor is diagnosed as a schwannoma preoperatively, surgical resection is still required because of the difficulty in discriminating malignant tumors from benign tumors and the possibility of malignant transformation. Actually, malignant cases account for about half of all the reported hepatic schwannomas.
Conclusions
We treated a patient with an extremely rare tumor, a hepatic schwannoma. Although a precise diagnosis of this tumor is difficult, surgical resection is required in cases with suspected schwannomas.
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